To minimize invasive surgery, we employed B ultrasound to guide the placement of the catheters used in continuous circulatory hyperthermic intraperitoneal perfusion chemotherapy (CHIPC) in malignant ascites treatment. Thirty-two patients with malignant ascites were treated with CHIPC guided by B-mode ultrasound. Ascites were originally from ovarian cancer (11 cases), gastric cancer (10 cases), colorectal cancer (9 cases) and pancreatic cancer (2 cases). The CHIPC was carried out at 43˚C for 90 min with 0.9% saline solution as a carrier containing cisplatin and doxorubicin or mitomycin-C as therapeutic reagents depending on the type of the primary tumor. The therapeutic efficacy, postoperative complications and survival period of these patients were assessed with follow-up examinations. Among all participates to be assessed with ascites, 26 and 4 patients showed complete remission (CR) and partial remission (PR) respectively, with an objective remission rate (ORR) of 93.75%. The KPS scores were elevated by 23.1±9.0 after 3 sessions of ultrasound guided CHIPC and the quality of life (QOF) of patients was significantly improved (p<0.01). The median survival time was 9 months and 18 patients survived between 3 and 30 months after CHIPC treatment. Additionally, patients with different types of cancers significantly differed in the survival time (p<0.01). A novel approach of using B ultrasound guided CHIPC for the treatment of malignant ascites demonstrated satisfactory outcomes. The approach shows benefit in minimizing invasive surgery, improving the patient QOF and prolonging survival time.
Introduction
Malignant ascites frequently occur in patients with ovarian, uterine, gastrointestinal tract (stomach and intestines), breast and pancreatic cancers, in which fluid containing cancer cells accumulate in the abdomen cavity. Without treatment, those patients would have a poor prognosis with a survival period of less than 2 months (1). Invasive therapy (e.g., paracentesis) is efficient for attenuation of the symptom, but reiterating paracentesis may cause biochemical disturbances in vivo with the associated complications. A more effective therapy which could reduce ascites with lesser complications seems necessary for improving quality of life (QOF) of the patients and prolonged survival of patients (2, 3) .
Continuous circulatory hyperthermic intraperitoneal perfusion chemotherapy (CHIPC) is a novel adjuvant therapy for peritoneal carcinomatosis with a mechanical scavenging effect on peritoneal suspension cancer cells (4) (5) (6) (7) (8) . Warm chemotherapy liquid containing high-doses of anti-cancer drugs is administered into peritoneal cavity to react with tumor metastases. It has benefits of lessen drugs entering circulation and systemic toxic side effects, and a greater cytotoxic effect of hyperthermia on cancer (9) (10) (11) (12) .
A great clinical efficacy on the treatment of malignant ascites using CHIPC has been demonstrated (13) (14) (15) (16) (17) . During traditional CHIPC, the perfusion catheter is traditionally placed through an invasive laparotomy which requires general anesthesia or epidural anesthesia (18) (19) (20) (21) (22) (23) . Although the procedure has been improved recently with the development of minimally invasive surgical techniques (MIS) (1, (13) (14) (15) (16) , the laparoscope-assisted CHIPC requires special laparoscope devices (usually expensive) with expertise in the field, which limits its development and clinical application. In addition, many laparoscopic surgeons may also have a difficulty in prevention and treatment of seeding/ metastasis of the punctured hole(s) on abdominal wall (13, 14, 17) .
B ultrasound is non-invasive, less expensive, repeatable in use, and has a high specificity in the diagnosis for ascites and liquid estimation in the peritoneal cavity. It also has been widely used by clinicians for guiding intraperitoneal punctuation (24, 25) and intraperitoneal drainage construction (26, 27 B ultrasound-guided placement of catheters for CHIPC. In a standard operating theater, patients were placed in a supine position. Pethidine hydrochloride (75 mg) and promethazine hydrochloride (25 mg) were administered by intramuscular injection prior to placing CHIPC catheters. Propofol, as an anesthetic agent, was given intravenously via a continuous vein pump with dose (3-8 ml/h) adjusted according to patient status. B ultrasound examinations on all 4 abdominal quadrants were performed to choose puncture point which should be in the region of a larger ascites together with no adhesion between abdominal wall and the tissues of peritoneal cavity without original abdominal incision or tumor. A 1.2-cm incision was made by a Hasson trocar (1.2 cm in diameter) at the punctuation point after administering 0.5% lidocaine (anesthetic agent) locally before the infusion and outflow catheters with multiple side holes (inner diameter 0.8 cm, diameter 1.0 cm, 100 cm in length) were placed into intraperitoneal cavity. The infusion catheters were sited in the left and right upper quadrants of the intraperitoneal cavity with an inside length of 40-80 cm, and the outflow catheters were placed in the pelvic cavity of the left and right lower quadrants with a same length as that of the infusion catheters. All port sites were fixed to abdominal wall by cutaneous sutures as shown in Fig. 1 .
CHIPC procedures. CHIPC was performed by our selfdeveloped 'BR-TRG-II type high-precision hyperthermic intraperitoneal perfusion treatment system' with a precise of ±0.15˚C on temperature control and of ±5% on flow control, which couples with an automatic cooling function. The devices, the only ones of this kind, have been approved by State Food Drug Administration Firearms (SFDA) of China (approval no.
2009-3260924) (Fig. 2).
Our CHIPC therapy consisted of three sessions, the first was completed in the operating room in original status of anesthesia post-placement of catheters/infusion tubes guided by B-ultrasound on the same day, and the second and third sessions were followed on in the intensive care unit (ICU) on the first and the following days, respectively. Saline solution (0.9%) (equivalent to the volume of cavity, i.e., 4500-6000 ml) was added into the tailor-made infusion bag and delivered via infusion tubes over 90 min with a velocity of 450-600 ml/min and an inflow temperature of 43˚C in attempt to achieve an interior abdominal temperature of 41.5-42.5˚C. The hyperthermic intraperitoneal chemotherapeutic agents spiked in the perfusion fluid were: i) cisplatin (50 mg/m 2 of body surface) and doxorubicin (50 mg/ m 2 of body surface), and ii) mitomycin-C (12.5 mg/m 2 of body surface) for the ascites originated respectively from ovarian cancer, and from rectal colon or gastric or pancreatic cancer, which were used equally in all 3 sessions of CHIPC. Once the third session had been completed, the peritoneal perfusion liquid and ascites were drained out. Two infusion and one outflow catheters were then pulled out, keeping one outflow catheter as a drainage catheter for 1-3 days. (Tables II and III) .
Side effect. During the CHIPC, the participating patients showed no significant variation in vital signs or discomforts Figure 1 . The placement sites of the infusion and outflow catheters in CHIPC guided by B ultrasound. Red clips mark two infusion catheters, blue clips mark two outflow catheters, and white clips mark loop circuit for CHIPC preparation. Figure 2 . The BR-TRG-II type high precision hyperthermic perfusion intraperitoneal treatment system used in this study. (Table II) . Furthermore, there was a significant difference in survival time of patients with different types of cancers (p<0.01) (Fig. 7) . In addition, CT scans showed a small fluid accumulation in the omental bursa and in the pelvis in 2 and 1 patients, respectively. Case study: a 67-year-old woman with 4500 ml ascites containing a great number of free cancer cells (Fig. 3) had a serum CA125 result of 530 IU/ml without peritoneal mass determined by image examinations. She was diagnosed with ovarian cancer with normal size ovary and malignant ascites. After 3 sessions of CHIPC, free cancer cells in her ascites progressively disappeared and were replaced with necrosis (Figs. 4-6 ) and serum CA125 values returned to normal four weeks post CHIPC. After receiving two circles systemic chemotherapy post CHIPC 35 days, she was performed exploratory laparotomy. Tumor mass and tumor metastasis were found in her bilateral ovary and uterus, but not in other organs. Biopsy tissue showed her right ovarian tumor to be an ovarian cancer and a total hysterectomy, bilateral adnexectomy and greater omentectomy were performed. After surgery, she has alive for over 30 months in good health.
Discussion
Since the 1980s, CHIPC therapeutic approach in the treatment of peritoneal metastatic carcinoma has been applied in the treatments of peritoneal carcinomatosis originated from gastric, colorectal and ovarian cancers, and pseudomyxoma peritonei world widely in challenging difficulties of the therapy regime (2, 3) . It has achieved satisfactory therapeutic effects (13, 15, 18, 19) .
The tradition CHIPC used a laparoscope or perform open operation to assist the placement of catheters, which could result in large traumatic wounds and required costly instruments and expertise. We have, for the first time, introduced B ultrasound in CHIPC to guide the placement of catheters in abdominal wall in the treatment of malignant ascites. This approach largely avoids injury of visceral organs caused by using laparoscopy and the associated complications, in addition to its relatively low cost in operation and less technical and clinical skills required. It also has a greater advantage of choosing a puncture point with Hasson trocars at the region with larger ascites as well as smaller puncture points of 1.0 to 1.2 cm diameter for catheters. Both B-mode ultrasound guided and laparoscope assisted CHIPC were not only efficient in improving the patients' QOF, but also obtained equivalent efficacy in prolonging the survival time of patients (p=0.83) (Fig. 8A) . Therefore, since 2008, this treatment method has become a standard treatment strategy for patients with ovarian carcinoma with massive ascites in our institution. In this study, we achieved an ORR of 93.75% for the ultrasound guided treatment of ascites symptoms with an improved median survival period of 9 months (from 2 to 30 months), compared to 93.90% ORR and 8-month survival time (from 2 to 20 months) of patients who had received laparoscope assisted CHIPC (p>0.05) ( Table III ). As to patients of different cancers, the survival time was not different either (p=0.54, 0.92 and 0.12) for CRC, GC and OC patients treated with B ultrasound guided and laparoscope assisted CHIPC, respectively (Fig. 8B-D ). There were fewer complications observed during sessions of CHIPC guided by ultrasound. Our clinical results demonstrated that B ultrasound-guided CHIPC is a safe, effective and feasible approach for patients suffering from a large mount of ascites with lesser complications.
We also found that, with the treatment of ascites, the prognosis seems to be closely associated with the origins of cancers. Patients with ovarian, colorectal and gastric cancers, respectively, have the best, better and moderate prognosis demonstrated by the length of survival period and improved QOF. This might suggest that the differences in prognosis among these patients could be related to the dissimilarities in: i) efficacy of the anticancer drugs used, ii) reactivity of the therapeutic reagents to the cancer tissues, and iii) the molecular and/or pathophysiological nature of tumors. Further investigation on the underlying mechanism is warranted.
Admittedly, laparoscopy has an advantage of detecting occult peritoneal carcinomatosis over B ultrasound, CT, MRI or PET-CT for evaluation of the stage of peritoneal malignant tumor in order to avoid any unnecessary surgery (1, 13, 15, 18, 19, 28) . Therefore, for those patients with unknown primary lesion status of peritoneal cancer without surgical operation, especially with ovarian cancer, an exploratory laparotomy should be performed as soon as possible after the CHIPC together with new adjuvant chemotherapy for a better prognosis. Another issue worth considering during laparoscopic surgery is port-site seeding/ metastasis. Unfortunately, the ultrasound guided CHIPC failed to minimize the rate of port-site seeding (Table III) , although this may not due to the manner of placing catheters.
In conclusion, we demonstrated a novel approach of using B ultrasound guided CHIPC in the treatment of malignant ascites with satisfactory outcomes. The approach took full advantage of MIS, and improved the patient's quality of life and prolong survival time. It could be potentially applied in other clinical applications.
